Interaction of β -thiocyanatovinyl aldehydes with N-amino heterocycles leads to formation of α, β -unsaturated hydrazonium salts dependent on the functional surroundings. The latter can undergo further intramolecular cyclocondensation giving rise to N, N -linked isothiazolium salts as the final product. The isolated hydrazonium salts, not undergoing ring formation, have s-trans conformation of the azadiene system.
Introduction
β -Thiocyanatovinyl aldehydes 1 are known as versatile C 3 S synthons. For instance, they are used for transformation of N-nucleophiles (e. g. ammonia) into isothiazoles [1] and of substituted anilines into isothiazolium salts [2] .
Several cases of interaction of compounds 1a, b with substituted hydrazines RNHNH 2 are known [3 -6] . The reaction course strongly depends both on the substituent R in the hydrazine derivative, and on the thiocyanatovinyl aldehyde structure. Thiocyanates 1a, b easily react with semicarbazides (R = CONH 2 ) and thiosemicarbazides (R = CSNH 2 ), yielding stable semicarbazones 2 and thiosemicarbazones 3 which exhibit high antiviral activity [3] . However, ring closure with participation of the thiocyanato group does not occur ( Fig. 1) .
On the other hand, the reaction of 1a, b with arylhydrazines, benzhydrazides and benzenesulfonylhydrazides, depending on the substituents, can furnish hydrazones 4 -6, 1,2,3-thiadiazinium salts 7 [4] , or iminium salts 8a, b [5 -7] as products of cyclocondensation of heteroaromatic N-imino compounds.
All amino compounds employed in foregoing reactions are acyclic hydrazines, while similar reactions with heterocyclic N-amino nucleophiles have not been * Presented in part at the 7 th Conference on Iminium Salts (ImSAT-7), Bartolomä/Ostalbkreis, September 6 -8, 2005 . yet investigated. At the same time implementation of this methodology to such substrates could essentially extend the capability of this process and also enhance the synthetic potential of the chemistry of thiocyanatovinyl aldehydes in creation of new N, N -connected bis(azaheterocycles), many of which have gained significant importance in view of their pharmacological activity [8] .
Herein we report on a new study of the interaction of β -thiocyanatovinyl aldehydes 1 with cyclic N-amino compounds and an approach to an N, N -linked isothiazolium structure via intramolecular cyclocondensation.
Results and Discussion
The four alicyclic and aliphatic β -thiocyanatovinyl aldehydes 1a -d were used in this research (Fig. 1) . The synthesis of 1a, b, d was performed by a known method from corresponding ketones [9] , while 2-thiocyanatobenzaldehyde was prepared via a two-step procedure from 2-aminobenzaldehyde [10] .
As the N-amino heterocycles for our investigation several commercially available compounds of type 9 were selected, as well as the enantiomerically pure compounds (S)-and (R)-2-(methoxymethyl)-1-pyrrolidinamine (SAMP, RAMP) (10) (Fig. 2) .
The interaction of thiocyanatovinyl aldehydes 1a -d with N-amino heterocycles 9a-d, 10 was carried out in glacial acetic acid in presence of perchloric acid for the salt formation.
The reaction of acyclic aldehydes (Z/E)-1a,d with N-amino compounds 9a -d produced hydrazonium salts trans-11 or iminium salts 12 (Scheme 1). Formation of the compounds depends on the substituent X in the N-amino compound 9. In case of reaction with 9a, b (X = CH 2 , O) hydrazonium salts trans11a, b, d, e were obtained in moderate yields (38 -63%), while the reaction with 9c,d (X = N-Me, (CH 2 ) 2 ) through intramolecular cyclocondensation of not isolable azadienes cis-11 furnished isothiazolium salts 12c,f,g which were separated in good yields (60 -98%). Only for the reaction of 9a with 1d, a mixture of isothiazolium salt 12d with 11d was obtained.
The structure of novel compounds 11a, b, d, e was established by means of NMR spectra, mass spectrometry studies, and confirmed by IR, UV spectra and elemental analysis. Typical signals of these compounds are found in the 1 H NMR spectra at δ = 7.50 -8.70 ppm (CH) and 5.30 -7.60 ppm (NH), in the 13 C NMR spectra at 130 -150 ppm (CH) and 108 -111 ppm (SCN). The typical absorption bonds in the IR spectra were observed at 2150 -2170 cm −1 (SCN), 1100 -1120 cm −1 (ClO 4 ).
The molecular structure of one of the adducts, 1-(2-methyl-3-thiocyanato-but-2-enylidenamino)-piperidinium perchlorate (11a), has been determined by X-ray crystallography (Fig. 3) . It was shown that the perchlorate anion is connected to the hydrazonium cation by a strong hydrogen bond with the following parameters:
• . According to X-ray structure determination, the torsion angle of C(1)-C(2)-C(3)-N(2) is 178.5(2) • and therefore the obtained hydrazonium salts 11 have strans conformation. This fact let us to suggest that the ability for cyclocondensation depends on the configuration of the hydrazonium salt isomer formed. Apparently, the trans-isomer of 11 is stable, while the cisisomer undergoes an intramolecular cyclization with formation of compound 12 (Scheme 1).
Typical of isothiazolium salts 12c, d, f, g is the infrared absorption of the perchlorate anion at 1090 -1100 cm −1 . In the 1 H NMR spectra of 12 the signal of 3-H appears at δ = 9.30 -10.00 ppm, and the 13 C NMR chemical shifts of C-3 (156 -159 ppm), C-4 (130 -133 ppm) and C-5 (164 -168 ppm) are characteristic.
In order to obtain the isothiazolium salts and avoid the isolation of hydrazonium salts from the reaction mixture, we investigated β -thiocyanatovinyl aldehydes of cyclic structure 1b, c, having a fixed configuration around the double C=C bond (Scheme 2).
As expected, compound 1b (R 1 = R 2 = (CH 2 ) 4 ) interacts with N-amino heterocycles 9a -c with formation of isothiazolium salts 13a -c as cyclocondensation products. Attempts to isolate salt 13d or the corresponding hydrazonium salt failed.
The main spectroscopic characteristics of 13a -c are similar to those of 12c, d, f, g described above. The structure of the isothiazolium salt 13b was proved by X-ray crystal structure analysis (Fig. 4) . The isothiazolium ring is connected with the morpholine ring by an N(1)-N(2) single bond (1.414(2)Å).
Surprisingly, analogous reactions of 9a -d with 1c (R 1 = R 2 = (CH) 4 ) did not give the expected isothiazolium salts. However, in all cases hydrazonium salts 14a -d were obtained (Scheme 2). Probably, the inability of compounds 14 to cyclize in this case is due to the influence of the benzo ring and the reduced electrophilic character of the thiocyanato group. Additional experiments with optically active hydrazine derivatives SAMP and RAMP gave the same results and hydrazonium salts (S S S)- 
and (R R R)-were obtained as the sole products (Scheme 3).
The analytical characteristics of novel compounds 14, 15 are close to those of 11, however signals of NH group in the 1 H NMR spectra are shifted to the weak field and found at δ = 9.60 -11.10 ppm, while in the 13 C NMR spectra the typical signals are at 129 -135 (CH) and 112 -114 ppm (SCN).
Studies of compounds 15 using a NOESY experiment have shown a clear interaction between the imine hydrogen atom and the diastereotopic hydrogen atoms of the CH 2 group at the heterocyclic ring (Fig. 5) . Therefore, hydrazonium salts 15 as well as compounds 11 have the E configuration around the C=N double bond.
In conclusion, a number of N, N -linked isothiazolium salts 12, 13 were synthesized by reaction of alicyclic thiocyanates with N-amino heterocycles. Interaction of compounds 1 with 9, 10 apparently occurs in a similar manner as with their acyclic counterparts and on the first stage gives rise to hydrazonium salts. However, ability for the further intramolecular cyclocondensation depends on substituents in both molecules of the initial compounds and gives rise to isothiazolium salts only with favorable configuration for cyclization of the intermediate hydrazonium salts like cis configuration of the C(1)-C(2) double bond and s-cis conformation of the azadiene.
Experimental Section
General. M. p.: Boetius micro-melting-point apparatus; corrected. Elemental analysis: Heraeus CHNO Rapid Analyser. UV/vis spectra: Beckman DU650; λ max in nm (log ε). General procedure. To a magnetically stirred solution of 1 mmol β -thiocyanatovinyl aldehyde 1 in 2 ml of glacial acetic acid under argon atmosphere was added dropwise 1 mmol of N-amino compound 9, 10. The reaction mixture was stirred for 15 min and 0.4 ml of perchloric acid was added. After stirring for 1 h, the reaction mixture was diluted with 20 ml of diethyl ether (water in the case of reactions with 1d) and the precipitate was filtered and recrystallized from ethanol. -piperazin-1-yl) 
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